During a 10-year period, specimens from 8,995 bovine abortions were submitted to the South Dakota Animal Disease Research and Diagnostic Laboratory; 8,962 of these specimens were suitable for examination. A supportable diagnosis was made in 2,942 (32.82%) of the abortions examined. An infectious cause was determined for 2,723 (30.38%) and a noninfectious cause for 219 (2.44%). Bacteria caused 1,299 (14.49%), viruses caused 948 (10.57%) and fungi caused 476 (5.3 1%). The infectious bovine rhinotracheitis virus was associated with 485 (5.41%) and the bovine viral diarrhea virus with 407 (4.54%). The most common noninfectious causes of abortion or stillbirth were anomalous development, 112 (1.25%); dystocia, 56 (0.62%); and twinning, 37 (0.4 1%). The cause of 6,020 (67.17%) abortions was not determined. Lesions, many suggesting the presence of infection, were present in 1,554 (17.34%) fetuses or placentas in which no infectious agent could be demonstrated.
Clyde A. Kirkbride
In 1968, personnel of the Veterinary Science Department of South Dakota State University started a research project with 2 objectives: 1) to determine the major causes of bovine abortion in the geographic area served by the laboratory and 2) to develop better methods for determining the causes of abortion. Results of the project including diagnostic efforts on 2,544 abortions over a 4-year period were published. 6 The publicity generated by the project revealed a large demand for abortion diagnostic service, and the South Dakota Animal Disease Research and Diagnostic Laboratory (SDADR&DL) continues to receive specimens from 700-1,100 bovine fetuses each year. This article summarizes the results of examining 8,995 of these abortions and stillbirths in 1980-1989. Because beef cattle predominate in the area and because most beef cattle calve in the spring, approximately 70% of the specimens arrive and are processed in a 4-month period, January-April. The bovine abortion accessions average 7.5/day during this period and 9.3/day during February and March, when accession numbers reach their peak; but because accessions do not arrive in even numbers through the week, occasionally 220 bovine abortions were processed in a day.
The history of abortions seldom provides a clue as to the cause, and significant gross lesions occur rarely in fetuses. Therefore, the diagnostician is obliged to use a set of examinations that are most productive and apply all of them to every aborted fetus. The large number of accessions combined with the number of tests done on each one can strain the capabilities of the laboratory to the limits and make it necessary to eliminate all inefficiencies. Tests proven only occasionally productive and tests with often equivocal results are applied only to those cases that involve an abortion epidemic, the cause of which has not been revealed by the standard set of tests. Over the years, some procedures have been eliminated and others have been added to the standard set of tests, and in many instances the test procedures have been modified to accommodate advances in technology.
Materials and methods
Most of the 8,995 specimens were submitted from South Dakota, southern North Dakota, western Minnesota, northwestern Iowa, and northern Nebraska. As project leader, I asked practitioners to submit the following specimens as a minimum: lung, liver, spleen, kidney, and stomach content. I emphasized the need to submit fetal placenta and dam's serum when they were available and encouraged the submission of serum or body cavity fluids from all fetuses and the submission of brain and other tissues from fetuses that had not undergone extensive autolysis. Actual specimens for each accession varied from entire fetuses accompanied by their placentas and serum from their dams to mere scraps of fetal placenta. When only blood samples were submitted from cows that had aborted, they were not counted as abortion specimens. Samples of feed being fed to aborting cows often were submitted with the fetal tissues, usually without any direction from the practitioner as to what assays should be done. The feed samples were stored for at least 1 wk after the results of the postmortem examinations had been reported. If specific tests were not requested by that time, the samples were discarded.
The basic methods of examining fetal tissues remained the same as described in the initial report 6 The following changes were made in test procedures.
Necropsy. Necropsy procedures remained basically the same, except that the pathologist took 3-4 ml of body cavity fluid or serum from the heart. This specimen was stored at -20 C for retrospective serologic examination.
Histologic examination. When entire fetuses were submitted, the extent of autolysis determined the number of tissues examined histologically. The pathologist always examined lung and liver as well as placenta when it was submitted. The pathologist also examined brains from all wellpreserved fetuses and selected kidneys, spleens, thymuses, lymph nodes, skin, and other organs for examination on the basis of gross appearance and history. When entire fetuses were not submitted, histologic examination was limited by what tissues were submitted and by the condition of the specimens.
Bacteriologic examination. Experience gained early in the project indicated that there was little advantage in culturing several fetal tissues in addition to the stomach content, which was the preferred specimen. If stomach content was not available, lung was preferred, then liver. Fetal placenta was cultured when more suitable specimens were not available or when placental lesions were present and an etiologic agent was not found by examining other tissues. Care was taken to allow for possible contamination when considering the results of the culture.
The microbiologists found it impractical to incubate cultures for 7 days, as originally practiced. The inoculated plates were examined after 24 and 72 hr incubation then stored at room temperature for 7 days for possible retrospective examination. Specimens were stored 1 wk at 4 C so they could be recultured or used for special culture procedures when results of histologic or other examinations suggested it.
In an earlier survey, 6 extensive attempts to isolate Chlamydia from numerous aborted fetuses thought to have epizootic bovine abortion (EBA) because they had swollen nodular livers, ascites, petechiae of the conjuctiva and oral mucosa, etc. failed. Meanwhile, Chlamydia was determined as not the only cause of these lesions and of EBA. 5 Therefore, these specimens were not cultured for Chlamydia in this survey. Instead, when inflammation was present in the placenta and no compatible agent was found by other methods, smears of cotyledons were made, stained by the Gimenez method, and examined for the presence of Chlamydial elementary bodies. 3 After reports of Ureaplasma diversum causing bovine abortion, 11 tissues (and placenta when available) from every fetus were cultured for Ureaplasma over a period of 2 yr using a described procedure. 12 Significant diagnostic results were negligible, and thenceforth only those specimens with lesions compatible with a bacterial infection-and from which no significant agent had been isolated were cultured for Ureaplasma.
Immunofluorescent examination. The fluorescent antibody test (FAT) for infectious bovine rhinotracheitis (IBR) virus developed at SDADR&DL in 1971 was very effective when applied to cryostat sections of fetal kidney tissue. 13 A similar test for bovine viral diarrhea virus (BVDV) applied to kidney and spleen has been a useful adjunct to virus isolation procedures. However, the FAT was not relied upon as the only test for BVDV because the virus was frequently isolated from fetuses that tested negative by the FAT.
A commercial FAT conjugate a containing antibodies to pomona, icterohemorrhagiae, and canicola serovars of Leptospira was applied to cryostat sections of fetal kidney in an attempt to identify Leptospira. The thickness of the tissue sections made the organisms indistinguishable, and the method proved unsuccessful. We were able to identify some Leptospira-infected fetuses using a similar conjugate applied to impression smears of the cut surface of fetal kidneys. The procedure became more successful when a conjugate containing antibodies to serovars hardjo and grippotyphosa in addition to the 3 mentioned above was used. However, indications are that the procedure lacks sensitivity and that some infections are still not being detected. 10 Virologic examination. Procedures for virus isolation were changed considerably from those used in the initial project. The methods used in this survey were as follows. Approximately 2 g of pooled fetal lung, liver, spleen, and kidney were triturated in a stomacher in 10 ml of Hanks' balanced salt solution and centrifuged 20 min at 1,500 x g. Placental tissue was processed the same way and was cultured separately. The supernatant fluid (0.2 ml) was inoculated into 1 tube each of low-passage bovine turbinate (BT) and bovine lung (BL) cells grown in minimum essential medium (MEM) with 0.5 mg/ml lactalbumin hydrolysate, 10% irradiated fetal calf serum, 200 U/ml penicillin, 200 mg/ml streptomycin, 0.05 mg/ml gentamicin sulfate, b and 1.25 mcg/ml amphotericine B. C After removal of the inoculum, MEM with 0.5 mg/ml lactalbumin hydrolysate and 5% horse serum was added. Inoculated tubes were examined each day for cytopathic effect (CPE). Cells scraped from cultures free of CPE after 10 days were examined for noncytopathic BVDV by FAT. The cultures were each passed to 2 new tissue culture tubes and observed for another 10 days. At this time, cultures without CPE were reexamined for noncytopathic BVDV by FAT. Viruses that caused CPE were identified by FAT using specific conjugates or by electron microscopy or both. Before being used, each batch of fetal calf serum and the initial cell cultures were checked by culture and the FAT for the presence of BVDV.
Mycologic examination. In addition to the culture and histologic procedures originally used, scrapings of skin lesions and cotyledons from all placentas were digested with 10% KOH and examined microscopically for hyphae. More recently, the procedure was refined by adding 0.05% calcofluor white d to the KOH, and the tissue was examined with a microscope with an ultraviolet light source. 4 The fluorescent calcofluor white adheres to the cellulose in the mycotic elements, thus making the fungal structures much easier to distinguish than in the plain KOH preparations.
Mummified fetuses. When suitable tissues could be obtained from mummified fetuses, FAT and the routine culture for viruses were done. Placental tissue only was examined histologically, and bacteriologic examination was not done.
Toxicologic examination. Examination of fetal tissues, feed, and water for toxins was done only by special request of the practitioner. All ocular fluids to be tested for nitrate, all sweet clover hay to be tested for dicoumarin, and some feeds to be tested for mycotoxins were sent to other labo-not be demonstrated. In regard to the last of these criteria; ratories.
when > 1 infectious agent was found in an aborted fetus, the At SDADR&DL, the method for assaying feeds for my-agent most compatible with the fetal and placental lesions was considered the primary cause. cotoxins was modified by increasing the methanol concentration to 80% for better aflatoxin recovery? A nitrate electrode was used to do quantitative nitrate analysis of feeds.
Anomalies. Whenever a gross anomaly was present in an
Serologic examination of fetuses. Serum or body cavity to bluetongue virus, BVDV, and Leptospira. The methods and results were published. 7 The criteria used to make diagnoses Infectious bovine rhinotracheitis. The primary criterion for fluid from 966 aborted calves was examined for antibodies aborted fetus, it was considered the cause of the abortion, while acknowledging that only in those syndromes proven to be inherited was the actual cause known. Dystocia. A diagnosis of dystocia was issued for a large, fully developed calf when the history and findings included 21 of the following: a history of dystocia; lesions such as congestion and edema of the head, contusions, fractures, partial expansion or atelectasis of the lungs, and excessive amniotic fluid in the trachea and bronchi; absence of lesions diagnosis of abortion caused by the IBR virus was the detection of IBR virus by FAT of cryostat sections of the kidney. If nonsuppurative focal hepatic necrosis was present but virus was not detected by FAT, the FAT was repeated. If the second attempt to detect IBR virus by the FAT was negative and the virus was not isolated from the fetal tissues, the results were reported as suggestive of IBR but equivocal, and submission of other specimens from aborted fetuses was requested.
Campylobacter. The criteria for diagnosing campylobacteriosis were detection of the organisms by dark-field microscopic examination of stomach content and/or isolation of the organisms from stomach content or fetal tissue. The venereal form of campylobacteriosis caused by C. fetus ssp. venerealis was distinguished from the intestinal forms caused by C. fetus ssp. fetus and C. jejuni by identification of the isolates.* Leptospirosis. The natural vagaries inherent in serologic reactions and the widespread use of leptospiral vaccines that cause antibody titers detectable by the microscopic agglutination test made serologic diagnosis of leptospiral abortion unreliable. Therefore, demonstrating Leptospira by FAT in kidney impression smears was relied upon for diagnosis, while recognizing the shortcomings of the test as mentioned above.
Bovine viral diarrhea. Abortions caused by the BVDV were diagnosed by demonstrating the presence of the virus in cryostat sections of fetal kidney or spleen by FAT and/or by isolating the virus from fetal tissues.
Abortions attributed to bacteria other than Leptospira and Campylobacter. Isolation of known abortifacient bacteria such as Brucella sp. and Actinomyces pyogenes from fetal stomach content or tissues was considered diagnostic. However, when A. pyogenes was isolated from placental tissues alone, it was considered significant only if it was accompanied by suppurative placentitis. Although Bacillus cereus and B. licheniformis are recognized abortifacients, they are ubiquitous. 17 Therefore, isolation of these organisms was considered diagnostic only if compatible lesions (suppurative, necrotic placentitis and/or suppurative bronchopneumonia) were present in fetal or placental tissues.
A bacterium not proven to be abortifacient was considered the cause of an abortion when 1) it grew in large numbers in pure culture or as the predominant organism in the culture from the stomach content or fetal tissue or both, 2) when compatible lesions were present in the fetal or placental tis-suggestive of infection; tious abortifacients.
and absence o f demonstrable infec-
Results
Of the specimens submitted from 8,995 abortions, 33 (0.36%) were unsuitable for any type examination. Of the 8,962 examined, there was a bacterial cause in 1,299 (14.49%), a viral cause in 948 (10.57%), and a mycotic cause in 476 (5.3 1%). Of those caused by viruses, 485 (5.41%) were IBR virus and 407 (4.54%) were BVDV. A single case of toxoplasmosis was reported, which represents the only diagnosis of a possible protozoan infection. This diagnosis was made by histologic examination and is subject to question. With this diagnosis included, 2,723 (30.38%) of the abortions examined were caused by infection.
The BVDV was isolated from about 80% of fetuses that tested positive by the FAT. The IBR virus was isolated from less than half the fetuses that had multifocal hepatic necrosis and in which the virus was detected by the FAT. Rarely, the IBR virus was isolated from unautolysed stillborn or neonatal calves in which no lesions were found and the virus was not detected by the FAT.
A noninfectious cause of abortion was found in 219 cases (2.44% of the total examined) ( Table 1 ). In 1,554 cases (17.34% of the total examined), lesions were present that indicated the possible presence of an infection, but no agent was discovered ( Table 2) .
Neither infectious agents, noninfectious conditions, nor lesions were found in 4,466 (49.83%) of the abortions examined. The cause was determined with reasonable certainty in 2,942 (32.82%) of the abortions examined. The cause of 6,020 (67.17%) of the abortions examined was not determined. Of 26 feed samples associated with abortions and assayed for mycotoxins in our laboratory, I had zearalenone. Records of the number of feed samples associated with abortions that were sent to other laboratories for analysis for mycotoxins are not available. However, there is no sues or both, and 3) when another cause of abortion could record of any abortions caused by mycotoxins. Of the Table 1 . Noninfectious causes of abortion and stillbirth in 8,962 Table 2 . Lesions in 1,554 aborted or stillborn bovine fetuses bovine fetuses, 1980-1989. with no etiologic agent determined, 1980-1989. 2 abortions attributed to toxins, 1 was caused by dicoumarin and the other was from a cow with a history of toxic mastitis.
Discussion
The number and types of diagnostic tests that could be applied to any 1 accession were limited by the specimens submitted, and this in turn affected the success of the examinations. However, through the years practitioners that regularly used the service became well acquainted with the needed specimens and generally did a good job of providing them. Because of difficulty in interpreting observations, it was impractical to do histologic examinations on many tissues from autolysed fetuses, and frequently only lung and liver were examined. Because of this, lesions in other organs undoubtedly were missed in some cases. However, finding more lesions would probably not have increased greatly the number of etiologic diagnoses.
When the results of the survey reported in 1973 6 are compared with the results of this survey completed 16 years later ( Fig. 1) , there is virtually no difference in the percentage (29.87% vs. 30.38%) of abortions caused by infection. However, noninfectious causes were found in 4.59% of the 2,544 abortions and stillbirths examined in the earlier survey and in only 2.44% of the 8,962 abortions and stillbirths examined in the more recent survey. Most of this difference was due to a major decrease in the prevalence of hydrocephalus, osteopetrosis, and arthrogryposis. Together, these 3 anomalies were involved in 62 of 2,544 (2.43%) of the abortions and stillbirths in the early survey and in only 23 of 8,962 (0.26%) in the present survey. Heredity is the cause of these anomalies in most cases, 1,8,9 and diagnosis exposed how prevalent and costly these genetic diseases were. Once informed, cattle breeders removed most of the carriers of these genetic traits from the breeding population.
Dystocia as a diagnosed cause of stillbirth also de-creased from 0.86% in the 1973 survey to 0.62% in this survey. During the early 1970s, newly introduced large-boned European breed bulls were used to service many smaller English breed cows, and an increase in dystocia resulted. The cross-bred cows that resulted from the introduction of European bulls have larger frames and are less subject to dystocia when bred to the larger bulls than are the purebred English breeds, which may account for the decrease in dystocia diagnoses. Routine culturing for mycoplasma proved relatively unproductive and was discontinued. Most of the 22 isolates recovered by culturing 794 abortion specimens in the original project were identified as Acholeplasma sp., which is of doubtful etiologic significance in bovine abortion. 14 Bacteria caused 10.30% of the abortions in the 1973 survey and 14.49% in this survey. Except for possible improvements in culture techniques, the reason for this modest change is not readily apparent.
Viruses were involved in 15.99% of the abortions reported in 1973; this percentage dropped to 10.58% in the later survey. Most of this difference is due to a decrease in the apparent prevalence of IBR abortions from 15.9% to 5.4 1%. Although the apparent prevalence of BVDV-associated abortions increased from 0.1% to 4.54%, the increase was not great enough to make up for the decrease in IBR diagnoses.
The prevalence of fungus infections appears to have increased from 3.53% to 5.3 1% of the abortions examined in the 2 surveys. Fungus infections are basi- tally opportunistic, and their prevalence is influenced greatly by increases in predisposing factors that decrease immune responses of the pregnant dam or increase her exposure to these infectious agents. In addition, a definite diagnosis of mycotic abortion usually cannot be made if the placenta is not available for examination. The percentage of fetuses or fetal tissues that were accompanied by placentas increased as practitioners became aware of the importance of examining of other causes of abortion did not occur rapidly enough to make up for the d.ifference. The decrease in prevalence of some of the most common causes of bovine abortion indicates that diagnostic and education efforts have had a positive effect.
Failure to find an etiologic agent in 17.34% of the abortions that had lesions is disturbing. Most of the lesions suggested an infectious agent was involved (Table 2), indicating that either the methods used in this study to detect the known abortifacient agents are inadequate or there are infectious agents that we are not searching for because they are not known to exist. A good example is the recently described protozoan agent tentatively identified as Neospora sp? Had we been aware of this abortifacient agent, we might have been able to identify the cause of the abortion of some of the 33 fetuses with encephalitis and 44 fetuses with myositis ( Table 2 ). More research is needed to improve diagnostic methods and determine the causes of the lesions in aborted fetuses in which no infectious agent is identified by the methods presently being used. this organ.
Mycotoxicosis was not considered the cause of the 1 abortion associated with zearalenone in the feed because there was no history of estrogenism in the cow and the other cows eating the same feed did not abort or show signs of estrogenism.
The fetus from the single case reported as toxoplasmosis had adventitious placentation, focal pneumonia, and placentitis. Escherichia coli and a nonseptate fungus were isolated from the stomach content. A small protozoanlike organism was present in the lungs. Further attempts to identify this organism were not made. Because the organism was not identified, this diagnosis should be listed as protozoan.
